Eight coals used as carriers in legume inoculants promoted the survival of Rhizobium phaseoli on pinto bean seeds. Although peat was more protective, most coal-based inoculants provided >104 viable rhizobia per seed after 4 weeks.
Finely ground peat is the carrier of choice in legume inoculants. However, peat is not always available in areas most in need of symbiotic nitrogen fixation (8) . Recent research has shown that coal may be a workable alternative to peat as an inoculant carrier (4) (5) (6) (7) (8) . In the most comprehensive study to date, Paczkowski and Berryhill (7) examined the long-term survival of Rhizobium phaseoli in inoculants prepared with eight coals of various grades and found that most coals tested promoted acceptable rhizobial survival. Our study concerned the survival of R. phaseoli in coal-based inoculants applied to seeds. One of the desirable properties of peat is its ability to protect rhizobia on seeds (1, 9), and we wished to determine whether coal is also protective.
We used anthracitic coal from Pennsylvania, bituminous coals from Illinois, Pennsylvania, and Utah, lignitic coals from North Dakota and Texas, and subbituminous coals from New Mexico and Wyoming (7) . Inoculants were prepared as described previously (7) , except that R. phaseoli 127K17, 127K26, and 127K35 mutants spontaneously resistant to streptomycin (>100 ,ug/ml) were used, and "precipitated" CaCO3 was routinely added to the carrier (10 g per 90 g of coal powder) so that the pH was at least 6.5. containing 100 randomly chosen pinto bean seeds (University of Idaho 111). The bags were shaken for 10 s to facilitate an even coating of seeds, and then the seeds were vigorously shaken in a sterile 10-mesh sieve to remove excess inoculant before they were stored at 20 to 22°C in 18-oz Whirl-Pak bags. Gum arabic allowed uniform adhesion of inoculants to seeds. About 1 mg of inoculant adhered to each seed; there were no significant differences in adhesion among coal-based inoculants (a = 0.01) or between coal-based and peat-based inoculants (o = 0.01).
The numbers of viable rhizobia on seeds were determined weekly by plate counts. Ten seeds were aseptically transferred to a screw-capped tube (25 by 150 mm) containing 10.0 ml of sterile saline (0.5% NaCl) and 10 glass beads (3 mm). The tube contents were vortexed for 1-s intervals 10 times. The resulting suspension was serially diluted in saline and plated, in duplicate, on mannitol-yeast extract agar (7) ences in survival among bacterial strains (cx = 0.05), but significant differences among coals. Rhizobial survival in peat-based inoculants applied to seeds was superior to that in any coalbased inoculant under the same conditions. Because gum arabic has been noted to improve rhizobial longevity on seeds (2, 10), the survival of R. phaseoli 127K17 applied to seeds with 30% gum arabic was determined. The seeds were treated as described above, except that 30-h mannitol-yeast extract broth (7) cultures were used instead of inoculants, and counts were made daily instead of weekly. In these experiments, strain 127K17 had a mean death rate of 3.53 logs per week. Therefore, although gum arabic may aid R. phaseoli viability on seeds, coal apparently promotes a substantially greater degree of rhizobial survival.
The ability to protect rhizobia on seeds, a valuable characteristic of peat, has seldom been examined in studies of alternative carriers (8). (7), justifies its consideration as a carrier when an alternative to peat is needed.
